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[57] ABSTRACT

Process for the purification of water that is polluted
with diffuse substances originating from ablation, such
as fertilizers, mineral and soil particles, oils, wastes,
detergents, and primarily inorganic substances, which
might accelerate undesirable entrophication of the re-
celving waters such as lakes, comprising the steps of
introducing the polluted water to be purified into a
defined area (e.g. a basin); spreading the water cross-
wise to increase its surface area; and extracting the
diffuse pollutants by applying a biological treatment by
the expedient of at least one group of suitable aquatic
plants. An apparatus for performing the process com-
prises means that provide a flow path for the water: at
least one dividing structure that performs the spreading;
and at least one aquatic plant region, with at least one
plant zone, wherein the plants contribute to the above-
mentioned biological treatment. Several optional proce-
dural and structural details are also disclosed.

10 Claims, 7 Drawing Figures
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WATER PURIFICATION PROCESS AND
APPARATUS

This 1s a continuation of application Ser. No. 929,275,
filed on July 31, 1978 now abandoned. |

The invention relates to a process and a suitable,
exemplary apparatus or arrangement for the purifica-
tion of water that became polluted or soiled with diffuse
substances originating from ablation (that is, having
been rinsed away), that might accelerate undesirable
eutrophication of the receiving waters (e.g. lakes).

It 1s known that it 1s one of the objects of water qual-
ity control to withhold and/or destroy as far as possible
pollutants and impurities that could reach various living
water bodies (called receiving waters) from the sur-
rounding terrain. Numerous processes and apparatus
are known for removing punctiform pollutants such as
originate from the outlets of sewage systems.

The pollutants that result from ablations are usually
known in the literature as diffuse or non-punctiform
pollutants. So far it was not possible to destroy or trans-
form these pollutants. Such diffuse pollutants are, for
example, fertilizers that are rinsed away from agricul-
turally worked terrains, plant protecting agents, as well
as mineral and soil particles that are mobilized by way
of erosion, oils, wastes, scouring agents and detergents.

The removal of the diffuse pollutants becomes more
difficult because downpours, melting snow, heavy rain-
fall, cause substantial amounts of water to be produced
and moved about. Furthermore the pollutant concen-
tration of the waters is relatively small while their quan-
tities may be rather large and change in time. It should
be noted that the diffuse pollutants contain primarily
inorganic substances such as nitrogen, phosphorus and
potassium compounds, which are useful for plants, and
they speed up the natural eutrophication process of the
recetving waters in an undesirable manner. It is of ut-
most importance to prevent this for considerations of
environmental protection.

It 1s one of the objects of the present invention to
prevent the speeding up of eutrophication in receiving
waters.

It 1s accordingly the object of the present invention to
provide a process and an apparatus or arrangement by
which the waters containing such pollutants or impuri-
ties can be purified and liberated from the diluted (dif-
fuse) substances, before they reach the receiving waters,
which pollutants originate from the earlier-explained
ablations and would undesirably speed up the eutrophi-
cation of the receiving waters.

As a basic concept of the invention, it was recognized
that the inventive object can be solved by biologically
fixing and extracting the diffuse pollutants.

According to important features of the inventive
process, namely for the purification of water that is
polluted with diffuse substances of the kind described
earlier, originating from ablation, which substances
might accelerate undesirable eutrophication of the re-
celving waters such as lakes, the polluted water to be
purified is introduced into at least one, at least partly
defined area; the water is then spread crosswise to in-
crease its surface area; and the diffuse pollutants are
fixed and extracted as it were within the area by apply-
ing a biological treatment in at least one zone that is
fitted with at least one group of suitable aquatic plants.

The spreading of the water being treated assists in
making contact all over with the aquatic plants in the
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area. Optional features will become understood from
the reading of the detailed description that follows.

Important features of a preferred, exemplary appara-
tus or arrangement for performing the new process are:
means are provided to guide the water being treated
along at least one flow path; at least one, preferably
wedge-shaped structure is placed into the flow path for
spreading the water, as explained above; and there is at
least one aquatic plant area or region, with at least one
distinct plant zone (or at least two), covering the entire
width of the spread water, with the plants grown in at
least one zone, as was mentioned before, to contribute
to the biological treatment forming part of the inventive
water purification.

Here again optional, additional features are disclosed
that are useful and contribute further to the inventive
effect.

Further objects, features and advantages of the inven-
tion will become better understood from the following
detailed description when considered with the accom-
panying drawings, wherein

FI1G. 1 illustrates a schematic layout of an exemplary,
preferred water purification apparatus or arrangement
according to the present invention;

FIG. 2 constitutes a top view of the arrangement
appearing in FIG. 1, on a somewhat larger scale:

FIG. 3 shows a portion of FIG. 2, again on a larger
scale;

FIG. 4 constitutes a vertical section taken along line
IV—1V of FIG. 2

FIG. $ is another vertical section taken along line
V—YV of FIG. 2, in a direction substantially perpendicu-
lar to that of FIG. 4;

FIG. 6 offers a somewhat schematic perspective view
of the arrangement of FIG. 2; and

FI1G. 7 1s a vertical sectional view, again somewhat
schematic, taken along either of the lines VII—VII in
FIG. 1. |

Polluted or contaminated water flow 10 is shown to
enter and eventually reach a receiving lake 11 (identi-
fied at the very bottom of FIG. 1; preceding or interme-
diate units of the apparatus, being partly optional, will
be described later), the direction of water flow being
identified in some figures by numeral 12. It will be un-
derstood that lake 11 constitutes the living water body
to be protected from the poliutants present in the water
flow 10.

In accordance with the invention, a water dividing
engineering structure 14 is provided, in the direction of
the flow 12, as well as an aquatic plant area 16 that fills
the cross-section of the water that has been spread by
the structure 14. This increases the surface area of the
polluted water being purified and makes for an overall
contact with the aquatic plants, as will be seen later. It
i1s their purpose in area 16 to fix or immobilize, eventu-
ally extract as it were, the diffuse pollutants and impuri-
ties, thereby accelerating the ageing or maturation of
the cleaned water in the lake 11. |

In the illustrated preferred, exemplary arrangement
of the inventive water purification apparatus two paral-
lel-connected aquatic plant areas 16 are provided
through which the polluted water is made to flow (see
again the arrows 12), a third such area 16 being pro-
vided along the banks or borders of the lake 11 (bottom
of FIG. 1); one can also refer to them as “regions” 16.
The plant areas or regions 16 are located within op-
tional basins or pools 18 that have an approximate width
of the dividing structurer 14. Both basins 18 may have
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outflows 20 that collect the water after having passed
the respective aquatic plant area 16 in that basin. It is
suggested that the outflows 20 be made in the form of
concrete channels (not shown) that have openings fac-
ing the areas 16. |

The third plant area 16, along the banks of the lake

11, has its sides identified by dot-dash lines to indicate
these to be indefinite borders (as against the sides of the

basins 18). It 1s however possible to provide an arrange-
ment which has a single aquatic plant area or unit 16.
The parallel-connected units 16 have the advantage that
they can be operated alternatively. This permits mainte-
nance and regeneration or upkeep jobs to be performed
while the water purification apparatus 1s in continued
operation.

It 1s seen toward the top portion of FIG. 1 that one or
two settling or suspension trap units 22 can be provided
in a parallel arrangement. These units precede the water
dividing structures 14 of the aquatic plant areas 16. If
two parallel units 22 are used, they can again be oper-
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ated alternatively, their main purpose being the removal -

of rubble drift from the water flow 10.

The invention furthermore provides the optional use
of a water storage unit 24, built between the unit or units
22 and the structures 14, provided with a sluice 26 and
serving to regulate the amount of polluted water that 1s
allowed to reach the plant areas 16, depending on the
proportion of the pollutant content and/or the settling
or removing capability of the areas or units 16, by stor-
ing the water for a predetermined time.

As can be seen from FIG. 1, respective channels 28,
30 and 32 are provided: first, between the trap unit(s) 22
and the water storage 24; then, between the latter and
the parallel-connected dividing structures 14; and, fi-
nally, between the outflows 20 of the units 16 and the
third dividing structure 14. These channels are prefera-
bly open ditches that have concrete surfaces at their
bottoms and sides. It would of course be possible to use
covered trenches or conduits in lieu of open ditches.

Further details, and particularly those of the water
dividing structures 14 can be seen in FIGS. 2 through 6.
FIG. 2 shows that the dividing structure 14 is substan-
tially perpendicular to the channel(s) (30) 32 that lead(s)
out from the illustrated unit. At the juncture, a wedge-
shaped deflecting or dividing element 34 is provided for
this purpose (FIGS. 2, §). When the dividing structure
14 1s made 1n the 1llustrated, now described form, it is
preferably built as FIG. 4 wherein a right-hand side
wall 40, a bottom 42, and a left-hand side wall 44 are
combined, all preferably made from concrete, for con-
taining the polluted water. The left-hand wall 44 is
preferably made of prefabricated concrete elements 38
(see FIG. 3) that have openings 36 therein.

The earlier-mentioned channels 28, 30, 32 are prefera-
bly constructed in a manner similar to that shown in and
described for FIG. 4, possibly without the openings in
one of the side walls.

The top edge 46 of the wall 40 in FIG. 4 is built
higher than the similar top edge 48 of the wall 44
(which has the openings 36 therein), the former being in
this case at ground surface level. Should the water level
50 within the unit 14 exceed the top edge 48, flow will
be possible only toward the aquatic plant area, region or
unit 16. |

Particulars of the area 16 are shown in FIG. 7. The
soil level below this area has been designated with nu-
meral 52, and the flow direction 12, the water dividing
structure 14 and the basin 18 are also identified, where
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the area 16 1s located. Lengthwise, along the flow of the
polluted water, the area 1s divided into several zones (54
to 60) that should contain different aquatic plant groups.

Thus, as a matter of example, in a swamp zone 54
(that immediately follows the structure 14) the ruling

plants are suggested to be /Latin names being given
throughout for an unambiguous understanding/: Carex
gracilis, Festuca pratensis, Carex acutiformis, etc.

In a subsequent marsh zone 56 the inventors propose
to plant Juncus subnodulosus, Typha lattifolia, Typhoides
arundiaseae, Glyceria maxima, Bolboschoenus maritimus,
etc. It should be understood that these are all merely
preferred examples, the number of suitable plants and
even groups thereof being much greater but within the
knowledge of the man skilled in this art, namely for a
stepwise and gradual biological treatment of such pol-
luted waters.

In the direction of water flow, now follows a reed
zone 58 with the following plants being suggested
therefor: Phragmites communis, Ceratophyllum submer-
sum, Hydrocharis morsus ranae, Lemna, “tricularia vul-
garis, Stratiotes aloides, etc., as well as algae and the like,
plankton, etc.

Finally, in a quaking zone 60, one can use with advan-
tage the plants Potamogeton perfoliatus, Potamogeton
pectinatus, Myriophyllum spictatum, etc. The sequence
and suggested location of the zones can be seen in FIG.
7 but can be modified if required.

It is important to prevent the formation of sheafs and
“short-circuits” in the aquatic plant areas 16, which
would greatly detract from the efficiency of purifica-
tion. In the reed zone 58, the depth of the water is pref-
erably around 1.5 meters. The selection of the actually
used aquatic plants and the respective depths in the
explained zones understandably will depend on soil
conditions, available moisture, quality of the polluted

water, and on prevailing climate.

FI1G. 1 schematically shows an optional sensor 62
built into one of the channels, e.g. 28, so as to be able to
measure the percentage of pollutants in the arriving
water 10. It 1s also possible to insert similar sensors 62,
namely in at least the channel 32, as shown, leading to a
common (not identified) control unit. Comparing the
indications of the first sensor with that or those of the
subsequent one(s), one can establish how much of the
pollutants has been removed in the aquatic plant area(s)
16 (or in the preceding, optional water storage 24).

Automatic operation of the inventive purification
apparatus can be provided by way of the just mentioned
control unit, e.g. by operating the sluice 26 that is also
connected to the former, to control water throughput at
least for the areas or units 16.

With a view to removing pollutants, particularly
spilled oil, from the water flow 10, it is possible to inter-
calate an oil trap 64 between the suspension trap unit 22
and the water storage 24 if provided.

The operation of the inventive water purification
apparatus or arrangement, and the steps taken in the
inventive process, are essentially as follows. Contami-
nated or polluted water 10 is first introduced into the
suspension trap unit 22 to remove entrained rubble. The
water now reaches the storage 24, if provided, by way
of the channel 28. The oil trap 64 is suitable to remove
oil (and other impurities) while the sensor 62 serves to
measure the amount of pollutants or impurities con-
tained in the imputted water. A substantial proportion
of the floating rubble is deposited within the storage 24.
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The outtlow from the storage 24 is controlled by the
sluice 26, and water now passes through the channel 30
to one of the two parallel-connected dividing structures
14 for evenly spreading the water. It reaches the aquatic
plant area(s) 16 through the openings 36 of the concrete
clements 38. The diffuse pollutants of the water are
fixed and at least partly settled in this area, extracted as
it were, by biological and absorptive procedures

During most of a year’s time the soil is impregnated
with water so that the organic-substance content is
accumulated as a result of anaerobic conditions. This
makes for excellent effects of the aquatic plant area(s)
16 in terms of adsorption and filtration, as well as fixing
of detergents and pesticides.

It can be summarized that the aquatic plant areas 16
are highly suitable to extract diffuse pollutants from the
water to the required degree so that continuous and
efficient purification is performed.

Whether one or both areas 16 have been used so far,
the water is collected at the outflow(s) 20, led to the
channel 32 and spread by way of the dividing structure
14 of the third unit 16 if provided. The degree of pollut-
ant content of the channel 32 can be periodically ascer-
tained with the sensor 62.

The spread water has now reached the basin-bank
aquatic plant area 16 that was explained earlier, from
where the water reaches the lake 11 partly by soil leak-
age through the root zone, and partly on the surface, the
latter making use of nutrient-binding capabilities of live
deposits on the plant vegetation. The third area 16 con-
sequently serves for secondary purification.

It has been found with experiments that the degree of
pollution of the water, of the kind described at the be-
ginning, introduced into the inventive apparatus or
arrangement, can be greatly reduced. This of course
Increases quality protection and also the natural poten-
tial of the receiving waters.

The investment, maintenance and operational ex-
penditures of the inventive apparatus are relatively
small, 1ts control can be automated in a simple manner,
and 1ts use does not require particular skills.

It 1s a further advantage of the inventive water purifi-
cation process and apparatus that protection of natural
lake banks is promoted since areas are made useful, such
as swamps, reeds and the like, which ordinarily would
not be taken into consideration for purposes of terrain
regulation or reclamation.

It will be understood by those skilled in the art that
departures from, additions to, modifications of, and
other changes in the described process and apparatus
(arrangement) can be made within the framework of the
spirit and scope of the invention without departing from
its essential novel and patentable features.

What we claim is:

1. Apparatus for purifying a flow of polluted water
containing diffuse pollutants resulting from abalation
prior to said flow reaching a living body of water, said
apparatus comprising |

settling means for removing rubble drift from said
flow;

a first aquatic plant area adjacent a living body of
water and having at least one natural and contigu-
ous border therewith and directly communicating
with said living body of water through said border,
sald first aquatic plant area having at least one
distinct plant zone wherein aquatic plants biologi-
cally fix, immobilize or extract at least a part of the
diffuse substances from the flow;
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means for guiding the flow from said settling means
and along at least one flow path to said first aquatic
plant area; and
~means In the path of said flow for increasing the sur-
face area of the flowing polluted water in said first
aquatic plant area so that substantially the entire
width of the first aquatic plant area is covered by
the flowing polluted water, said means in said flow
path for increasing the surface area of the flowing
- water 1n said first aquatic plant area being a distri-
bution channel disposed in the flow path and hav-
ing an entry port intermediate the ends of the chan-
nel and through which the flow enters the channel,
and having a plurality of exit ports through which
the flow exits from the channel, and a deflecting
element disposed in the entry port and at least
partially across the flow path to substantially
evenly distribute the flowing water to the exit
ports.
2. Apparatus as claimed in claim 1 further including a
second aquatic plant area having at least one distinct

plant zone wherein aquatic plants biologically fix, im-

mobolize or extract at least a part of the diffuse sub-
stances from the flow, said second aguatic plant area
being disposed in said flow path so that the flow passes
from said settling means to said second aquatic plant
area then to said first aquatic plant area.
3. Apparatus as claimed in claim 2 further including a
third aquatic plant area having at least one distinct plant
zone wherein aquatic plants biologically fix immobilize
or extract at least a part of the diffuse substances from
the flow, said third aquatic plant area being disposed in
said flow path in parallel with said second aquatic plant
arca so that the flow passes from said settling means to
satd third and said second aquatic plant areas then to
said first aquatic plant area.
4. Apparatus as claimed in claim 1 further including
means for regulating the rate of said flow.
5. Apparatus as claimed in claim 4 wherein said
means for regulating comprises a water storage unit
having an entry port and an exit port, the water storage
unit being interposed in the path of said flow between
the settling means and the first aquatic plant area, the
entry port communicating with the settling means and
the exit port communicating with the first aquatic plant
area; and means for regulating the rate of flow from the
exit port.
6. Process for purifying a flow of polluted water
containing diffuse pollutants resulting from abalation
prlor to said flow reaching a living body of water, com-
prising the steps of:
settling and removing rubble drift from said flow;
then guiding the flow along at least one flow path to
a first aquatic plant area;

then contacting the flow in said first aquatic plant
area with at least one distinct plant zone containing
aquatic plants which biologically fix, immobilize or
extract at least a part of the diffuse substances from
the flow;

increasing the surface area of the flowing polluted

water in the first aquatic plant area so that substan-
tially the entire width of the first aquatic plant area
1s covered by the following polluted water:;

then directly transmitting the flow from the first

aquatic plant area to said living body of water
through a natural border of said first aquatic plant
area coextensive with and directly communicating
with said living body of water, said step of increas-
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ing the surface area of the flowing polluted water
in the first aquatic plant area being carried out by
passing the flow into a distribution channel, de-
flecting the flow as it enters the channel, so that the
flow is substantially evenly spread within the chan-

nel, then passing the substantially evenly spread
flow out of the channel through a plurality of exit
ports in a wall of the channel.

7. Process as claimed in claim 6 wherein after said
settling and removing step and before said step of guid-
ing the flow along at least one flow path to said first
aquatic plant area the flow is guided along at least one
flow path to a second aquatic plant area wherein the
flow is contacted with at least one distinct plant zone
containing aquatic plants which biologically fix, immo-
bolize or extract at least a part of the diffuse substances
from the flow. | |

8. Process as claimed in claim 6 wherein after said
settling and removing step and prior to said step of
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path to a second aquatic plant area wherein the flow is
contacted with at least one distinct plant zone contain-
ing aquatic plants which biologically fix, immobolize or
extract at least a part of the diffuse substances from the
flow and along at least a second flow path to a third

aquatic plant area in parallel with said second aquatic
plant area and in which the flow is contacted with at
least one distinct plant zone containing aquatic plants

which biologically fix, immobolize, or extract at least
part of the diffuse substances from the flow; then the
flow is guided from the second aquatic plant area and
from the third aquatic plant area to said first aquatic
plant area.

9. Process as claimed in claim 6 further including the
step of regulating the rate of said flow. |

10. Process as claimed in claim 9 wherein said step of
regulating the rate of said flow is carried out after said
step of settling and removing and before the step of

guiding the flow along at least one flow path to the first 20 contacting the flow in said first aquatic plant area.

aquatic plant area, the flow is guided along a first flow
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